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1. 

CONFIGURABLE ANALOG INPUT CIRCUIT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of co-pending 
U.S. patent application Ser. No. 12/726,763, filed Mar. 18, 
2010, and entitled CONFIGURABLE ANALOG INPUT 
CHANNEL WITH GALVANIC ISOLATION, the contents 
of which are incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

Embodiments of the invention relate generally to systems 
for sensing analog control data, and more particularly, to 
universal analog input circuits that are configurable to sense 
different analog input types. 

BACKGROUND OF THE INVENTION 

Control systems are utilized in a wide variety of different 
applications. For example, control systems are utilized to 
monitor power stations, turbines, and the like. In relatively 
complex control systems, it is typically necessary to monitor 
or sense a variety of different types of input signals. Such as 
thermocouple inputs, resistance temperature detectors 
(“RTDs), currents, Voltages, and resistances. In conven 
tional control systems, different types of sensing modules are 
typically employed to sense different types of input. A com 
mon approach is to utilize sensing modules that have a fixed 
number of input channels (e.g., 24 channels) for receiving a 
particular type of input. For instance, a first set of dedicated 
sensing modules are utilized for sensing thermocouple 
inputs, a second set of dedicated sensing modules are utilized 
for sensing RTD inputs, etc. 

However, because each conventional sensing module is 
manufactured with a standard number of dedicated input 
channels, it is likely that channels of the sensing module will 
be unused once the module is deployed. Accordingly, 
improved analog input circuits are desirable. 

BRIEF DESCRIPTION OF THE INVENTION 

Some or all of the above needs and/or problems may be 
addressed by certain embodiments of the invention. Embodi 
ments of the invention may include configurable analog input 
circuits. According to one embodiment of the invention, there 
is disclosed an analog input circuit. The analog input circuit 
may include a plurality of configurable input channels, at 
least one analog-to-digital converter, and at least one proces 
sor. Each input channel may include a plurality of Switches 
utilized to select a type of input signal received via the input 
channel and a set of input terminals selectively utilized to 
correspond with the selected type of input signal. The at least 
one analog-to-digital converter may be configured to convert, 
for each of the plurality of input channels, the selected type of 
input signal into a digital output. The at least one processor 
may be configured to control operation of the plurality of 
switches associated with each of the plurality of configurable 
input channels. 

According to another embodiment of the invention, there is 
disclosed another analog input circuit. The input circuit may 
include a plurality of configurable input channels, an analog 
to-digital converter component, a multiplexer, and at least one 
processor. Each input channel may include a plurality of input 
terminals utilized to receive an analog input signal and a 
plurality of Switches utilized to select a signal input type 
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2 
corresponding to the received input signal. The analog-to 
digital converter component may be configured to convert the 
analog input signals received via each of the plurality of input 
channels into respective digital output. The multiplexer may 
be configured to receive the analog input signals from the 
plurality of input channels and selectively provide the analog 
input signals to the analog-to-digital converter component. 
The at least one processor may be configured to control opera 
tion of the multiplexer and the plurality of switches associated 
with each of the plurality of input channels. 

Additional systems, methods, apparatus, features, and 
aspects are realized through the techniques of various 
embodiments of the invention. Other embodiments and 
aspects of the invention are described in detail herein and are 
considered a part of the claimed invention. Other embodi 
ments and aspects can be understood with reference to the 
description and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Having thus described the invention in general terms, ref 
erence will now be made to the accompanying drawings, 
which are not necessarily drawn to scale, and wherein: 

FIG. 1 is a schematic diagram of an example universal 
input circuit, according to an illustrative embodiment of the 
invention. 

FIG. 2 is a schematic diagram of example input connec 
tions that may be associated with a universal input circuit, 
according to an illustrative embodiment of the invention. 

FIG. 3 is a table of example input types and internal flows 
of an example universal input circuit, according to an embodi 
ment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Illustrative embodiments of the invention now will be 
described more fully hereinafter with reference to the accom 
panying drawings, in which some, but not all embodiments of 
the invention are shown. Indeed, the invention may be embod 
ied in many different forms and should not be construed as 
limited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will satisfy 
applicable legal requirements. Like numbers refer to like 
elements throughout. 

Disclosed are universal analog input circuits that may be 
utilized to selectively receive a variety of different input 
types. According to one example embodiment, an input cir 
cuit may include a plurality of configurable input channels, at 
least one analog-to-digital converter, and at least one proces 
sor. Any number of configurable input channels may be pro 
vided as desired, such as four, eight, or sixteen input channels. 
Additionally, as desired, the input channels may be organized 
into groups or sets. For example, sixteen input channels may 
be provided, and the channels may be divided into eight 
groups of two input channels, four groups of four input chan 
nels, or other groups. As desired, the input channels within 
each group may share or utilize other components of the input 
circuit. Such as an analog-to-digital converter, an amplifica 
tion component, and/or a multiplexer. 

According to an aspect of the invention, each input channel 
may include a plurality of switches utilized to select a type of 
input signal received via the input channel. Additionally, each 
input channel may include a set of input terminals selectively 
utilized to correspond with the selected type of input signal. 
Control signals may be provided to the channel input Switches 
by the at least one processor to select a type of input signal 
received via the input channel. In this regard, each input 
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channel may be individually configured to receive a wide 
variety of different types of input signals, such as a Voltage 
input, a thermocouple input, a current input, or a resistance 
temperature detector (“RID) input. Each input channel may 
include any number of input terminals. For example, in cer 
tain embodiments, each input channel may include three 
input terminals that facilitate the receipt of various types of 
analog inputs. 
The at least one analog-to-digital converter may be config 

ured to receive analog data or an analog input from each of a 
plurality of input channels, such as input channels that are 
included within a group of channels. The analog-to-digital 
converter may additionally convert received analog data or 
input into digital data that is provided to the at least one 
controller. Any number of analog-to-digital converters may 
be utilized as desired in various embodiments. For example, 
in certain embodiments, two analog-to-digital converters 
may be utilized with a first analog-to-digital converter con 
figured to convert received Voltage values and a second ana 
log-to-digital converter configured to convert received cur 
rent values. As desired, a programmable gain amplifier may 
be configured to process one or more signals that are provided 
to the first analog-to-digital converter. Additionally, in certain 
embodiments, a multiplexer or other Suitable Switching com 
ponent may be configured to receive analog input from the 
plurality of input channels and selectively provide the analog 
input to the at least one analog-to-digital converter. 
The at least one processor may be configured to control the 

operation of the plurality of switches associated with each of 
the plurality of configurable input channels. Additionally, as 
desired, the at least one processor may control the operation 
of a multiplexer or switching component that provides analog 
data to the analog-to-digital converter(s). Once analog input 
has been converted to digital input, the at least one processor 
may receive the digital input. As desired, the at least one 
processor may process received input and/or provide at least 
a portion of the received input to one or more external devices, 
Such as a device controller or a central controller associated 
with a control system. In certain embodiments, the input 
circuit may include a digital isolation barrier configured to 
electrically isolate the digital output. Additionally, the input 
circuit may include an isolated power Supply configured to 
provide a reference Voltage to the input circuit and/or various 
components of the input circuit. 

Various embodiments of the invention may include one or 
more special purpose computers, systems, and/or particular 
machines that facilitate the receipt, processing, and/or output 
of analog data. A special purpose computer or particular 
machine may include a wide variety of different software 
modules and/or computer-implemented or computer-execut 
able instructions as desired in various embodiments. As 
explained in greater detail below, in certain embodiments, 
these various Software components may be utilized to facili 
tate the operation of an input circuit and/or the processing of 
received analog data. 

Certain embodiments of the invention described herein 
may have the technical effect of facilitating receipt of differ 
ent types of analog inputs by a universal input circuit. Addi 
tionally, certain embodiments of the invention may have the 
technical effect of facilitating the processing and/or output of 
one or more received input signals. In this regard, a flexible 
analog input circuit may be provided and unused analog input 
channels may be reduced or avoided. 

FIG. 1 is a schematic diagram of one example universal 
input circuit 100 that may be utilized in accordance with 
various embodiments of the invention. The input circuit 100 
may include any number of input channels, such as the chan 
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4 
nels 105a, 105b, 105c, 105d illustrated in FIG.1. As desired, 
the input channels may be formed into one or more groups. A 
group of input channels, such as channels 105a-d, may share 
common downstream components, such as a multiplexing 
component and/or an analog-to-digital conversion compo 
nent. Any number of groups of input channels may be 
included in an input circuit 100. Additionally, any number of 
input channels may be included in each group. For example, 
with an input circuit 100 containing sixteen input channels, 
the channels may be arranged into four groups of four input 
channels, two groups of eight input channels, eight groups of 
two input channels, etc. Alternatively, as desired, the sixteen 
input channels may be isolated input channels that are not 
grouped together. 
An example input channel (referred to as input channel 

105) will now be described. The input channel 105 may be a 
configurable input channel capable of receiving different 
types of input signals. With reference to FIG. 1, the input 
channel 105 may include a set of input terminals 110 config 
ured to receive analog inputs, such as analog sensor inputs 
associated with the operation of a turbine or other machine. 
Any number of input terminals 110 may be associated with an 
input channel 105. For example, as illustrated in FIG. 1, three 
input terminals 110 may be associated with the input channel 
105. In certain embodiments of the invention, the input chan 
nel 105 may be configurable to receive one of a thermocouple 
input, a RTD input, a current input (or current loop input), or 
a Voltage input. 
The input channel 105 may additionally include a switch 

ing component 115 that facilitates the selection of an input 
signal type by the input channel 105. As desired, the switch 
ing component 115 may include any number of Switches that 
may be selectively actuated to select a desired input signal 
type. Additionally, in certain embodiments, operation of the 
switching component 115 and/or actuation of the switches 
may be controlled by a suitable controller 120 associated with 
the input circuit 100. For example, the controller 120 may 
provide a channel mode signal 122 to the Switching compo 
nent 115. Based at least in part upon the received channel 
mode signal, the Switching component 115 may actuate one 
or more Switches in order to select a desired input signal type. 
With continued reference to FIG. 1, the switching component 
115 may additionally receive one or more reference signals, 
Such as a Voltage reference signal 124 (e.g., an approximately 
24 VDC reference signal, etc.) and/or one or more RTD 
current source signals 126 received from one or more RTD 
current sources 128. As desired, at least one RTD current 
setting signal 130 may be provided to the RTD current source 
(s) 128 by the controller 120 in order to configure the RTD 
current source signals 126 that are provided to the Switching 
component 115. The various operations of the switching 
component 115 that facilitate the selection of different input 
signals will be described in greater detail below. 
As desired, a protection component 135 may be incorpo 

rated into the input channel 105. The protection component 
135 may include suitable circuitry and/or other devices (e.g., 
diodes, transorbs, etc.) that facilitate the protection of other 
components of the input channel 105. Such as components 
downstream of the input terminals 110 and/or the protection 
component 135. For example, the protection component 135 
may prevent relatively high amplitude signals (e.g., Voltage 
signals, current signals, etc.) from being provided to down 
stream components (e.g., an analog-to-digital converter) that 
may be damaged by the signals. As one example, Suitable 
protection circuitry may prevent a 24 volt power signal from 
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being provided to an analog-to-digital converter that is 
capable of processing Voltage signals that have an amplitude 
of up to 2.5 volts. 

Additionally, a filtering component 140 may be incorpo 
rated into the input channel 105. The filtering component 140 
may facilitate the reduction of electrostatic discharge and/or 
electromagnetic interference within the input circuit 100. 
Additionally, the filtering component 140 may reduce alias 
ing within the input circuit 100. A wide variety of suitable 
filters may be utilized as desired in various embodiments of 
the invention, such as op amps that clamp the Voltage levels 
that are provided to an analog-to-digital conversion compo 
nent and/or a low pass anti-aliasing filter (e.g., a low pass filter 
having a rating of approximately 200 Hz, etc.) 

The protection component 135 and the filtering component 
140 are described above as separate components for ease in 
understanding. As desired, protection and/or filtering cir 
cuitry may be included throughout the input circuit 100. For 
example, protection and/or filtering circuitry may be inte 
grated throughout the Switching circuitry and analog-to-digi 
tal conversion component. 

With continued reference to FIG. 1, the input circuit 100 
may include a multiplexing component 145, an analog-to 
digital conversion component 150, and/or a controller 120. 
The multiplexing component 145 may receive output signals 
from one or more input channels within a group of channels, 
Such as channels 105a-d, and the multiplexing component 
145 may selectively provide the received output signals to the 
analog-to-digital conversion component 150. In this regard, a 
single analog-to-digital conversion component 150 may be 
utilized in conjunction with a plurality of input channels. In 
operation, the multiplexing component 145 may receive a 
channel select signal 152 from the controller 120. Based upon 
the received channel select signal 152, the multiplexing com 
ponent 145 may selectively provide signals received from the 
various input channels 105a-d to the analog-to-digital con 
version component 150. For example, if the channel select 
signal 152 includes a designation for a first input channel 
105a, then the multiplexing component 145 may provide 
signals received from the first input channel 105a to the 
analog-to-digital conversion component 150. In certain 
embodiments, the multiplexing component 145 may provide 
signals received from multiple input channels to the analog 
to-digital conversion component 150. For example, if sepa 
rate portions of the analog-to-digital conversion component 
150 are utilized to convert input for two different input chan 
nels, then the multiplexing component 145 may be configured 
to provide signals received from the two input channels to 
independent components of the analog-to-digital conversion 
component 150. 
The analog-to-digital conversion component 150 may be 

configured to convert received analog signals or values into 
digital data that may be provided to the controller 120. As 
desired, the analog-to-digital conversion component 150 may 
include a wide variety of different types of analog-to-digital 
converters, amplifiers, and/or other components. For 
example, with reference to FIG. 1, the analog-to-digital con 
version component 150 may include a first analog-to-digital 
(A/D') converter 154, a second A/D converter 156, and/or a 
programmable gain amplifier (“PGA) 158. In certain 
embodiments, the first A/D converter 154 may facilitate con 
version of analog Voltage values into digital Voltage values. In 
this regard, Voltage measurements, thermocouple measure 
ments, and/or RTD voltages may be converted. As desired, 
voltage measurements may be modified by the PGA 158 prior 
to provision of the voltage measurements to the first A/D 
converter 154. The gain imparted by the PGA 158 may be 
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6 
established or adjusted based upon a channel gain signal 160 
received from the controller 120. The second A/D converter 
156 may facilitate conversion of analog current values into 
digital current values. In this regard, current measurements 
and/or RTD currents may be converted. Although the PGA 
158 is illustrated as being associated with the first A/D con 
verter 154, in certain embodiments, a PGA may alternatively 
be associated with the second A/D converter 154. In other 
embodiments, respective PGAs may be associated with each 
of the A/D converters. In yet other embodiments, the analog 
to-digital conversion component 150 may not include any 
PGAS. 

According to an aspect of the invention, the multiplexing 
component 145 and/or A/D conversion component 150 may 
be shared by a plurality of input channels, such as the chan 
nels 105a-d included in a group of channels. As desired, a 
plurality of channel groups may be included in an input circuit 
100, and each channel group may include its own multiplex 
ing component 145 and/or A/D conversion component 150. 
The controller 120 may include any number of suitable 

processor-driven devices that control the operations of the 
input circuit 100. The controller may include, for example, 
any number of special purpose computers or particular 
machines, application-specific circuits, programmable logic 
controllers (“PLCs'), field programmable gate arrays (“FP 
GAs), microcontrollers, personal computers, minicomput 
ers, and the like. In certain embodiments, the controller 120 
may include a suitable microcontroller or FPGA. In certain 
embodiments, the operations of the controller 120 may be 
controlled by computer-executed or computer-implemented 
instructions that are executed by one or more processors 
associated with the controller 120. The instructions may be 
embodied in one or more software components as desired in 
various embodiments of the invention. The execution of the 
instructions may form a special purpose computer or other 
particular machine that is operable to facilitate the operation 
of the input circuit 100, the selection of desired input signal 
types by the input channels associated with the input circuit, 
and/or the processing of data received by the analog-to-digital 
conversion components. 

In certain embodiments, the controller 120 may include 
one or more processors, one or more memory devices, and/or 
one or more interface devices (e.g., input and/or output pins). 
The one or more memory devices may be any Suitable 
memory devices, for example, caches, read-only memory 
devices, random access memory devices, flash memory 
devices, etc. The one or more memory devices may store data, 
executable instructions, and/or various program modules uti 
lized by the controller 120, such as data files, an operating 
system, and/or control logic for the input circuit 100. 

In operation, the controller 120 may control the scanning of 
the input channels associated with the input circuit, the 
receipt from one or more A/D conversion components of 
digital measurements data associated with the input channels, 
the processing of the received digital measurements data, 
and/or the output of measurements data and/or other mes 
sages to one or more external devices. Additionally, the con 
troller 120 may control the configuration of the various input 
channels in order to select input signal types associated with 
the input channels. As one example, the controller 120 may 
provide respective channel mode signals to the various 
Switching components of the input channels. In this regard, 
the controller 120 may configure each input channel to 
receive a particular input signal type (e.g., a Voltage, thermo 
couple, current, or RTD input). Additionally, as desired, the 
controller 120 may provide a RTD current setting signal to 
one or more input channels in order to configure one or more 
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RTD current sources associated with the input channels. Once 
one or more input channels have been configured, the con 
troller 120 may communicate a channel select signal 152 to 
the multiplexing component 145 in order to select channel 
signals for provision to the A/D conversion component 150. 
In this regard, the controller 120 may selectively scan various 
input channels (e.g., Scan in a loop or scan according to an 
algorithm) in order to receive measurements data associated 
with the input channels. As desired, the controller 120 may 
control the gain of a PGA 158 utilizing a channel gain signal 
160. 
Once a channel signal has been converted by the A/D 

conversion component 150, the converted data may be pro 
vided to the controller 120. As desired, the controller 120 may 
process the received data. For example, the controller 120 
may calculate a resistance value for a RTD measurement 
utilizing a received Voltage measurement and a received cur 
rent measurement. As desired, the controller 120 may save 
received data and/or output received data for communication 
to and/or receipt by one or more external devices. Such as an 
external device processor 165 and/or external device control 
ler. According to an aspect of the invention, one or more 
digital isolation barriers 170 may provide galvanic or electri 
cal isolation for the input channels. For example, a digital 
isolation barrier 170 may be provided for each group of input 
channels associated with the input circuit 100. 
As desired, the controller 120 may configure an input chan 

nel 105 to receive a wide variety of different input signal 
types, such as a Voltage input, a current input, athermocouple 
input, or a RTD input. To facilitate receipt of different input 
signal types, a wide variety of different connections may be 
made to the terminals 110 of an input channel 105. FIG. 2 is 
a block diagram that illustrates a few example connections 
that may be made. With reference to FIG. 2, six example 
connection configurations are illustrated. These connections 
include a current loop connection that includes an internal 
power Supply, a current loop connection that includes an 
external power supply, a three wire RTD connection, a four 
wire RTD connection, a two wire RTD connection, and a 
thermocouple connection. For each connection, exampleter 
minations between an external circuit and the input channel 
105 are illustrated. A few of these example terminations are 
described in greater detail below. These exampleterminations 
are not intended to be limiting and are provided by way of 
example only. 

With continued reference to FIG. 1, a wide variety of 
different input signal types may be received by an input 
channel 105. For example, in order to receive a current input, 
the channel mode may be set by the controller 120 to a current 
input signal type, such as a milliamp signal type. The refer 
ence Voltage signal (e.g., 24 volt signal) for the input channel 
105 may be connected or tied to the first input terminal of the 
channel 105, and the second or center input terminal may be 
tied to a ground return. In this regard, a burden resistor may be 
formed. A current signal may be received by the third input 
terminal of the channel 105, and the current signal (e.g., 
milliamp signal) may be passed through the Switching com 
ponent 115 and multiplexing component 145 (configured by 
a channel select signal 152) to the second A/D converter 156 
of the A/D conversion component 150. As desired, a RTD 
current sensing resistor 129 may additionally be connected to 
the third input terminal. The second A/D converter 156 may 
be utilized to convert the current signal into digital data that is 
passed to the controller 120. The controller 120 may then 
process the received digital data in order to calculate the value 
of the current signal. 
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8 
In order to receive or measure a thermocouple input, the 

channel mode may be set by the controller 120 to a thermo 
couple input signal type. Voltage inputs for a thermocouple 
signal may be connected to the first and second (or middle) 
terminals of the input channel 105, and the voltage inputs may 
be routed through the switching component 115 and multi 
plexing component 145 to the two inputs of the PGA 158. The 
third input terminal may remain unused. As desired, the PGA 
158 may provide again to a voltage differential (e.g., V1-V2) 
based upon a channel gain signal 160, and the output of the 
KA 158 may be supplied to the first A/D converter 154. The 
first A/D converter 154 may be utilized to convert the voltage 
signal into digital data that is passed to the controller 120. 
As desired, a RTD current source signal 126 may be 

switched in from a RTD current source 128 in order to bias the 
thermocouple input. In this regard, burnout detection for a 
thermocouple may be provided. For example, approximately 
5 volt signals may be attached through respective mega ohm 
resistors to either side of the thermocouple. When the ther 
mocouple is working properly and is connected properly, a 
Voltage difference on the signal may be a relatively small 
value, such as a microvolt value. However, if the thermo 
couple has been burned open, then one side of the connection 
may be pulled to a relatively high value, such as a 4-5 volt 
value, and the other side of the connection may be pulled to 
ground. 

Similar to the thermocouple input, in order to receive or 
measure a Voltage input, the channel mode may be set by the 
controller 120 to a Voltage input signal type. Voltage inputs 
may be connected to the first and second (or middle) terminals 
of the input channel 105, and the voltage inputs may be routed 
through the switching component 115 and multiplexing com 
ponent 145 to the two inputs of the PGA 158. The third input 
terminal may remain unused. As desired, the PGA 158 may 
provide a gain to a voltage differential (e.g., V1-V2) based 
upon a channel gain signal 160, and the output of the PGA 158 
may be supplied to the first A/D converter 154. The first A/D 
converter 154 may be utilized to convert the voltage signal 
into digital data that is passed to the controller 120. 
As yet another example, in order to receive a RTD input, 

the channel mode may be set by the controller 120 to a RTD 
input signal type. A first Voltage input for the RTD is con 
nected to the first input terminal, and a current Source is 
switched in from the RTD current sources 128 to the first 
input terminal. The value on the first input terminal is tied to 
one side of a variable resistor that changes its resistance based 
on temperature. The other side of the resistor may be con 
nected to the second (or middle) input terminal, and a current 
source may be switched in to the second terminal. The third 
input terminal may then be connected to the RTD in order to 
measure a current associated with the RTD. The voltage 
across the upper two input terminals may be provided through 
the Switching component 115 and multiplexing component 
145 to the PGA 158 and first A/D converter 154, and a voltage 
value may be obtained. The current received at the third input 
terminal may be provided to the second A/D converter 156, 
and a current measurement may be obtained. The two values 
may then be divided by the controller 120 in order to deter 
mine a resistance value. 

With continued reference to FIG. 1, the input circuit 100 
may include one or more digital isolation barriers 170. For 
example, a digital isolation barrier 170 may be provided for 
each group of input channels. A digital isolation barrier 170 
may provide galvanic and/or electrical isolation for the input 
channels from other components of the input circuit 100. 
Galvanic isolation is the principle of isolating functional sec 
tions of electrical systems so that charge-carrying particles 
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cannot move from one section to another; i.e., there is no 
electric current flowing directly from one group of channels 
to the next. As desired, a wide variety of different types of 
isolation barriers may be utilized as desired in various 
embodiments of the invention, including but not limited to, 
optically coupled devices, inductively coupled devices, radio 
frequency coupled devices, and/or capacitance coupled 
devices. 

Additionally, the input circuit 100 may include an isolated 
power supply 175 or power source, such as a discrete power 
supply. The power supply 175 may receive power from an 
external power source, and the power supply 175 may provide 
power signals and/or reference signals to other components of 
the input circuit 100. According to an aspect of the invention, 
an isolated power signal may be provided to each group of 
input channels included in the input circuit 100. 
As desired, embodiments of the invention may include an 

input circuit 100 with more or less than the components 
illustrated in FIG. 1. The input circuit 100 of FIG. 1 is pro 
vided by way of example only. 

FIG. 3 is a table 300 of example input types and internal 
flows of an example universal input circuit, according to an 
embodiment of the invention. The table 300 provides 
example configurations for different input types and illus 
trates example Switching and measurements that may be 
associated with the different input types. Examples of the 
configurations illustrated in FIG. 3 are described in greater 
detail above with reference to FIG. 1. 
The invention is described above with reference to various 

computer-executable instructions. These computer-execut 
able program instructions may be loaded onto a microcon 
troller, a general purpose computer, a special-purpose com 
puter, a processor, or other programmable data processing 
apparatus to produce a particular machine, such that the 
instructions that execute on the computer, processor, or other 
programmable data processing apparatus create means for 
implementing one or more specified functions. These com 
puter program instructions may also be stored in a computer 
readable memory that can direct a computer or other pro 
grammable data processing apparatus to function in a 
particular manner, such that the instructions stored in the 
computer-readable memory produce an article of manufac 
ture including instruction means that implement one or more 
specified functions. As an example, embodiments of the 
invention may provide for a computer program product, com 
prising a computer usable medium having a computer-read 
able program code or program instructions embodied therein, 
said computer-readable program code adapted to be executed 
to implement one or more specified functions. The computer 
program instructions may also be loaded onto a computer or 
other programmable data processing apparatus to cause a 
series of operational elements or steps to be performed on the 
computer or other programmable apparatus to produce a 
computer-implemented process Such that the instructions that 
execute on the computer or other programmable apparatus 
provide elements or steps for implementing the specified 
functions. 

While the invention has been described in connection with 
what is presently considered to be the most practical and 
various embodiments, it is to be understood that the invention 
is not to be limited to the disclosed embodiments, but on the 
contrary, is intended to cover various modifications and 
equivalent arrangements included within the scope of the 
appended claims. 

This written description uses examples to disclose the 
invention, including the best mode, and also to enable any 
person skilled in the art to practice the invention, including 
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10 
making and using any devices or systems and performing any 
incorporated methods. The patentable scope of the invention 
is defined in the claims, and may include other examples that 
occur to those skilled in the art. Such other examples are 
intended to be within the scope of the claims if they have 
structural elements that do not differ from the literal language 
of the claims, or if they include equivalent structural elements 
with insubstantial differences from the literal language of the 
claims. 

The invention claimed is: 
1. An input circuit comprising: 
a plurality of configurable input channels, each input chan 

nel comprising: 
a plurality of switches utilized to select a type of input 

signal received via the input channel; and 
a set of input terminals selectively utilized to correspond 

with the selected type of input signal; 
at least one analog-to-digital converter configured to con 

vert, for each of the plurality of input channels, the 
Selected type of input signal into a digital output; and 

at least one processor configured to control operation of the 
plurality of switches associated with each of the plural 
ity of configurable input channels. 

2. The input circuit of claim 1, further comprising: 
a digital isolation barrier configured to electrically isolate 

the digital output. 
3. The input circuit of claim 1, further comprising: 
an isolated power Supply configured to provide a reference 

Voltage to the input circuit. 
4. The input circuit of claim 1, further comprising: 
a switching component configured to receive, from each of 

the plurality of input channels, the selected type of input 
and selectively provide the received input to the at least 
one analog-to-digital converter. 

5. The input circuit of claim 1, wherein the selected type of 
input signal comprises one of (i) a Voltage input, (ii) a ther 
mocouple input, (iii) a current input, or (iv) a resistance 
temperature detector input. 

6. The input circuit of claim 1, wherein the set of terminals 
for each of the plurality of configurable input channels com 
prises three terminals. 

7. The input circuit of claim 1, wherein the at least one 
analog-to-digital converter comprises: 

a first analog-to-digital converter utilized to convert 
received Voltage values; and 

a second analog-to-digital converter utilized to convert 
received current values. 

8. The input circuit of claim 7, further comprising: 
a programmable gain amplifier configured to process one 

or more signals provided to the first analog-to-digital 
COnVerter. 

9. The input circuit of claim 1, wherein the at least one 
processor is further configured to receive the digital output 
and provide information associated with the received digital 
output to at least one external device. 

10. The input circuit of claim 1, wherein the plurality of 
configurable input channels comprises a first plurality of 
input channels, wherein the at least one analog-to-digital 
converter comprises a first set of analog-to-digital converters, 
the input circuit further comprising: 

a second plurality of configurable input channels, each of 
the second plurality of input channels configured to 
receive a selectable type of input signal; and 

a second set of analog-to-digital converters configured to 
convert, for each of the second plurality of input chan 
nels, a received input signal into a digital output, 
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wherein the at least one processor is further configured to 
control the selectable type of input received by each of 
the second plurality of configurable input channels. 

11. An input circuit comprising: 
a plurality of configurable input channels, each input chan 

nel comprising: 
a plurality of input terminals utilized to receive an ana 

log input signal; and 
a plurality of Switches utilized to select a signal input 

type corresponding to the received input signal; 
an analog-to-digital converter component configured to 

convert the analog input signals received via each of the 
plurality of input channels into respective digital output; 

a multiplexerconfigured to receive the analog input signals 
from the plurality of input channels and selectively pro 
vide the analog input signals to the analog-to-digital 
converter component; and 

at least one processor configured to control operation of the 
multiplexer and the plurality of switches associated with 
each of the plurality of input channels. 

12. The input circuit of claim 11, wherein the at least one 
processor comprises a microcontroller. 

13. The input circuit of claim 11, further comprising: 
a digital isolation barrier configured to electrically isolate 

the digital output. 
14. The input circuit of claim 11, further comprising: 
an isolated power Supply configured to provide a reference 

Voltage to the input circuit. 
15. The input circuit of claim 11, wherein the selected 

signal input type comprises one of (i) a Voltage input, (ii) a 
thermocouple input, (iii) a current input, or (iv) a resistance 
temperature detector input. 

12 
16. The input circuit of claim 11, wherein the plurality of 

input terminals for each of the plurality of configurable input 
channels comprises three terminals. 

17. The input circuit of claim 11, wherein the analog-to 
5 digital converter component comprises: 
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a first analog-to-digital converter utilized to convert 
received Voltage values; and 

a second analog-to-digital converter utilized to convert 
received current values. 

18. The input circuit of claim 17, further comprising: 
a programmable gain amplifier configured to process one 

or more signals provided to the first analog-to-digital 
COnVerter. 

19. The input circuit of claim 11, wherein the at least one 
processor is further configured to receive the digital output 
and provide information associated with the received digital 
output to at least one external device. 

20. The input circuit of claim 11, wherein the plurality of 
configurable input channels comprises a first plurality of 
input channels, wherein the analog-to-digital converter com 
ponent comprises a first analog-to-digital converter compo 
nent, the input circuit further comprising: 

a second plurality of configurable input channels, each of 
the second plurality of input channels configured to 
receive a selectable type of input signal; and 

a second analog-to-digital converter component config 
ured to convert, for each of the second plurality of input 
channels, a received input signal into a digital output, 

wherein the at least one processor is further configured to 
control the selectable type of input received by each of 
the second plurality of configurable input channels. 
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